In orthopaedic surgery residency, traditional methods of education are being challenged by more technologically advanced modalities, specifically smartphone and tablet applications. Although these tools have become increasingly popular among orthopaedic surgeons, uncertainty remains about the widespread use of applications in orthopaedic residency.
Introduction
The American Board of Orthopaedic Surgery (ABOS) was established in February 1934 with the intention of creating a universal standard of education. By 1936, the ABOS instituted the first formal requirements for certification in order to monitor physician quality and to ensure public trust. 1 In addition to the certification examination administered by the ABOS, the American Academy of Orthopaedic Surgeons (AAOS) developed the Orthopaedic In-Training Examination (OITE) to assess whether each orthopaedic residency program was attaining its educational goals.
The establishment of the ABOS and the implementation of the OITE by the AAOS, led to high expectations for the quality of orthopaedic residency education. Previous studies have evaluated the types of resources that residents use to prepare for standardized examinations, specifically, traditional methods such as didactic lectures, case conferences, and textbooks. 2 However, like many fields of medicine, orthopaedic residency education has changed rapidly as advancements in technology, specifically smartphone applications, have evolved.
With the advent of smartphones and tablets, physicians can now access a large amount of information from a single device through downloadable applications. A survey was distributed to all Accreditation Council for Graduate Medical Education (ACGME) training programs in 2011 to evaluate the prevalence of smartphone use across medical specialties. The study found that over 85% of respondents, which included residents, fellows, and attendings, owned a smartphone capable of accessing medical applications. 3 Along with widespread smartphone use, applications have become integrated in many medical specialties. In urology, applications exist that allow patients to record intake and output and provide a way for practicing urologists to access the Oxford Handbook of Urology. 4 In dermatology, there are over 200 applications with uses that range from general dermatology reference to educational aid. 5, 6 Likewise, there are more than 340 applications available for ophthalmology, ranging from educational flashcards to virtual surgery applications that detail the steps of common operations. 7 The number of applications available for educational and clinical purposes is rapidly expanding with more applications being targeted at individual specialties, including orthopaedic surgery. 8, 9 From 2010 to 2014, orthopaedic residents increased their use of smartphone applications in the clinical setting from 60% to 84%, whereas attending use increased from 41% to 61%. 10 During this same time period, 70% of orthopaedic surgeons believed their institution/hospital should support mobile device use. 10 Despite the rapid expansion and use of available medical applications, questions remain about their safety, validity, and role in educational and clinical settings. [11] [12] [13] [14] Several recent studies have demonstrated that some orthopaedic applications, such as those that measure gait, range of motion, and degree of spinal deviation in scoliosis, are as accurate as more traditional measuring devices. [15] [16] [17] [18] [19] [20] While many applications have been thoroughly evaluated for accuracy, there remains a paucity of standardized testing protocols creating a wide variability in the usefulness, quality and accuracy of available applications. Ongoing uncertainty therefore exists regarding how the advancement of applications will affect traditional teaching in orthopaedic training programs. The objective of this study was to evaluate the perception of orthopaedic surgery residents regarding the use of educational and clinical smartphone and tablet applications to support their training and decision making.
Methods

Survey
An anonymous 25-question online survey was formulated focusing on questions about frequency of application use, common barriers encountered, and opinions regarding application use during orthopaedic surgery residency (Appendix). The survey was distributed via Survey Monkey (SurveyMonkey Inc., Palo Alto, California, USA) to all current orthopaedic surgery residents at two university-affiliated residency programs in the United States (50 residents total). Demographic variables collected included current postgraduate-year and residency program. Eleven questions regarding use of applications and opinions toward application use were answered by selecting a categorical variable or by using a five-point Likert scale ("disagree", "somewhat disagree", "neutral", "somewhat agree", "agree"), while the remaining questions were answered by selecting a categorical variable (Appendix A) Participation was anonymous and voluntary, however, follow-up emails were sent to residents at 2 and 4 weeks to encourage more participation. 
Analysis
IRB Approval
This study (IRB ID: 1609004847) was approved by the Institutional Review Board (IRB) at the principal investigator's institution* and complies with all relevant federal, state, and local regulations (* the PI was faculty at Drexel University College of Medicine at the time of IRB approval and initial manuscript submission, but is now a practicing physician at Tulane University School of Medicine).
Results
Use of applications
Thirty-seven residents (74% response rate) from the two orthopaedic surgery residency programs completed the survey. The number of applications and frequency of use varied, with the majority of residents using 1 to 4 applications (78.4%), 1 to 4 times per day (81.1%) (Figure 1 ). Thirty-two of the residents who responded (86.1%) use a specific free orthopaedic surgical reference guide application on a weekly basis. Smartphones are used more often than tablets for both educational (89.7%) and clinical (78.8%) purposes.
Opinions about applications
Thirty-six residents (97.3%) believe that medical applications provide an educational benefit and that they allow for improved efficiency in an educational or clinical setting. Only one resident (2.7%) believes that applications cannot be trusted to provide information for clinical decisions. Furthermore, four residents (10.8%) think that applications do not play an important role in clinical decision making (Figure 2) . Two residents (5.4%) believe that their colleagues depend too much on applications. Twenty residents (54%) somewhat agree or agree that senior physicians "look down upon" application use during clinical practice. In addition, 17 residents (45.9%) believe that patients think less of a physician who uses applications during a clinical encounter, while 13 residents (35.1%) do not have this perception (Figure 3 ). There were no difference between junior residents (PGY1-3) and senior residents (PGY4-5) in trusting 
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Factors influencing the use of applications
Thirty-four orthopaedic surgery residents (91.9%) agree that cost affects the decision to download and/or use an application and 22 respondents (59.4%) were willing to pay between $1-$10. Poor utility and design, along with high cost, were the most significant personal barriers to application use.
Discussion
Smartphone and tablet technology have become pervasive throughout society and reshaped the workplace across a variety of disciplines, including medicine. Applications designed for smart phone use are now common place in hospitals, with specialty-specific tools being used as a routine part of patient care. 3, 4, 5, 7, 9 This study demonstrates that the majority of orthopaedic surgery residents surveyed use smart phone, or tablet applications in a clinical setting. Furthermore, only one resident surveyed did not trust the information provided in these applications and only two residents surveyed believed that their colleagues are too dependent upon applications. There were no statistically significant differences between junior and senior residents with regards to application use, or attitudes toward application use. Eighty-four percent of residents surveyed reported using the same clinical application on a daily basis.
With the rapid growth of technology in society and medicine, an increasing number of specialty-specific medical applications have become available including numerous related to orthopaedic surgery. 3, 4, 8, 9 Many of these applications have been shown to be accurate, and several are supported by subspecialty societies. 15 Despite this, there is a paucity of literature describing the appropriate use of educational and clinical applications, and few professional societies have issued formal statements or policies on their use. 8 The educational guidelines for orthopaedic residency programs have become increasingly stringent in recent years, in an effort to standardize the quality of training provided to future orthopaedic surgeons. 1 As the requirements become more exacting, the amount of time that residents are allowed to devote to patient care continues to decrease. 21, 22 In 2003 and again in 2011, the ACGME mandated increasingly strict guidelines limiting the amount of time residents can spend in the hospital taking care of patients, and learning in a clinical setting. By providing residents with a more facile way of accessing educational materials, applications may improve the ability of residents to augment the education they may be missing as their time in the hospital is increasingly limited. 3 Additionally, applications that are focused on patient care, may help residents streamline the more time consuming aspects of clinical work, allowing them to spend more of their already limited time in the hospital actively engaged in educational endeavors. Although smartphone applications can improve educational and patient care opportunities, our study showed that more than half of our respondents believe that attending orthopaedic surgeons do not agree with frequent use of these tools.
The present study is limited by its descriptive nature, and survey-based methodology. Additionally, the small group of residents (n = 50) surveyed may limit extrapolating broad generalizations of national and temporal trends. Conclusions extrapolated to national trends are limited as the surveys were completed by two urban teaching hospitals. It is possible that rural programs in the same state or region may have differing opinions regarding the role of applications in educational and clinical settings. A broader based survey querying a diverse group of programs around the country would be necessary to make more definitive conclusions of national trends. Additionally, we only surveyed trainees, thus we cannot comment specifically on the opinions of senior surgeons with regard to the use of smartphone applications. The present study did however experience a high response rate (74%). While conclusions should not be made on national trends, the study does demonstrate a substantial need to quantify the current usage of, as well as the present need to study the efficacy, safety, and accuracy of these applications.
Conclusion
This study adds to the discussion of how technology can be used in the current medical and educational landscape in orthopaedic residency training programs. The vast majority of residents surveyed use applications on a regular basis and trust the content they provide. There were no significant differences in the attitudes towards applications between junior and senior residents. However, there was a perception by the majority of respondents that senior orthopaedic surgeons look down upon the use of applications. The use of applications by orthopaedic surgeons and the number of applications available continue to increase. 10 The current study speaks to the potential utility of applications in orthopaedic training; however, further studies are needed to determine the optimal use of applications in clinical and educational orthopaedic settings.
